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» Synthetic description the e-cloud/beam interaction
o Introduction
o Harmonic response

o Superposition check

* Instability modelling

o Harmonic response alone

o Harmonic response + non-linearities
o RF voltage scan
o

e-cloud strength scan



Electron cloud driven instabilities

>~ Impedance effects Electron cloud effects

e production mechanisms
(e.g. secondary emission)

Boundary conditions,
material properties, etc.

Beam Maxwell’s
distribution equations

e equations Maxwell’s
of motion equations

Beam equations of motion <

Forces from ’

magnets, RF, etc..

e-cloud instabilities are studied by
simulating the coupled motion of beam and

electron particles (very heavy)
- can we find a simplified model for the
effect of the electrons (avoiding the full

simulation)?
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Harmonic response
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We choose a set of orthogonal functions:

m z £ )
: if m is even
2 Lyt
m—1 =z
, if m is odd
2 Lbkt)

We apply to the bunch a distortion equal to h_(z) to the horizontal position along a bunch
and we call g (z) the resulting dipolar kick along the bunch.

We can measure the g, (z) through short PyECLOUD simulations (single pass)
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Harmonic response
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y Harmonic response
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| can measure the g_(z) through short (single pass) PyECLOUD simulations
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y Harmonic response

| can measure the g_(z) through short (single pass) PyECLOUD simulations
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y Harmonic response

| can measure the g_(z) through short (single pass) PyECLOUD simulations
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y Harmonic response

| can measure the g_(z) through short (single pass) PyECLOUD simulations
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Harmonic response

| can measure the g_(z) through short (single pass) PyECLOUD simulations
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y Harmonic response
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| can measure the g_(z) through short (single pass) PyECLOUD simulations
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| can measure the g_(z) through short (single pass) PyECLOUD simulations
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| can measure the g_(z) through short (single pass) PyECLOUD simulations
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| can measure the g_(z) through short (single pass) PyECLOUD simulations
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| can measure the g_(z) through short (single pass) PyECLOUD simulations
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| can measure the g_(z) through short (single pass) PyECLOUD simulations
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| can measure the g_(z) through short (single pass) PyECLOUD simulations
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Superposition check



y Superposition principle

>~ Can | use the calculated harmonic response to predict the response to
an arbitrary distortion?

A generic distortion x(z) can be decomposed as a superposition of harmonics:

M Lyxt /2
z (z) = Z amhm (2)  with: Qy, = / z (2) hyp (2) dz

—Lpks/2
Is the system sufficiently linear to use a linear superposition?

Lyt /2

Az’ (z) = Zamgm (2) = ng (z)/ z(2) hm (2')d2

Lyt /2



y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability
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y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability
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Superposition check

We test this hypothesis on the oscillation observed during an instability
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Superposition check

We test this hypothesis on the oscillation observed during an instability
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y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability

Electron density
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E O and convergence is quite fast
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y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability
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y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability
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y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability
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y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability
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y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability
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y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability
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y Superposition check

S~ We test this hypothesis on the oscillation observed during an instability
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» Synthetic description the e-cloud/beam interaction
o Introduction
o Harmonic response

o Superposition check

* Instability modelling

o Harmonic response alone

o Harmonic response + non-linearities
o RF voltage scan
o

e-cloud strength scan



y Can we use the harmonic response to model instabilities?
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In the PyHEADTAIL model we : e-cloud _
replace the full e-cloud p* tracking (e"PICand p* tracking
tracking)

interactions with the
p* tracking . p* tracking

computed harmonic
response matrix




y Comparison against simulations

7/ With the matrix alone the instability is not reproduced (frequency is different)
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Line with 1.08 osc.

P.U. signal

N. oscillations
in 4 sigmaz

Comparison against simulations
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» Synthetic description the e-cloud/beam interaction
o Introduction
o Harmonic response

o Superposition check

* Instability modelling

o Harmonic response alone

o Harmonic response + non-linearities
o RF voltage scan
o

e-cloud strength scan



)/ Add e-cloud non linearities
e-cloud
tracking)

We model the single particle
non-linear detuning of the

e-cloud using the field map Unperturbed
from the unperturbed non-linear

distribution map
(re-centered around each
slice = no additional dipolar (Coherent (Incoheren

kick) effect) t effect)



A cross-check

7 With the non-linear map alone no instability is observed
e-cloud simulation Unperturbed non-linear map
5
4
%] [}
C N C N
SE3 2 g
ey = o
=a =
0 < 0 <
0z’ °z
= =
1
0
0.25 0.26 0.27 0.28 0.29 0.30 0.25 0.26 0.27 0.28 0.29 0.30
Tune Tune
le—-2 le—4
J g
8 14 e C-OS comp. 8 2 I C-OS comp.
(00} Sih comp. ~ ~— sin comp.
< e
— —
< 07 c 0
= =
=S S
v —1 - Tau: 736 turns © —2 1 Tau: 9771 turns
£ Tunes: 0.2649/0.2649 — Tunes: 0.2646/0.2678
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Turn Turn
le—4
1.01
19 _ 0.51
[+] ©
g g'l 0 0 -
@ 0 w
) S ]
a 2 -05
-1 1
Turns: —1.01
2000 . 2014 L. Sabato 3000 - 3014
-0.3 -0.2 -0.1 00 0.1 02 03 04 -0.3 -0.2 -0.1 00 01 02 03

z [m] z[m]



y Comparison against simulations

<7/ This combined model reproduces very well the nature of the instability!
Harmonic matrix + unperturbed non-
e-cloud simulation linear map
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» Synthetic description the e-cloud/beam interaction
o Introduction
o Harmonic response

o Superposition check

* Instability modelling

o Harmonic response alone

o Harmonic response + non-linearities
o RF voltage scan
o)

e-cloud strength scan
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N. oscillations
in 4 sigmaz
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N. oscillations
in 4 sigmaz
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The agreement is quite good for all RF frequencies
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» Synthetic description the e-cloud/beam interaction
o Introduction
o Harmonic response

o Superposition check

* Instability modelling

o Harmonic response alone

o Harmonic response + non-linearities
o RF voltage scan
o)

e-cloud strength scan
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In the investigated case (LHC quad, 450 GeV), it is possible to model instabilities
driven by e-cloud by including:

* The dipolar kicks along the bunch through an harmonic response

* The non-linearities as seen by a stable bunch

Potential applications:
* Significant speedup for the simulations

* Modelling through Vlasov solver & dispersion integrals



Scanning the strength of the e-cloud
(simplified model only —
effect of non-linearities)
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For high strength the instability is faster with non-linearity!
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y Strength scan

S For high strength the instability is faster with non-linearity!
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y Strength scan

S For high strength the instability is faster with non-linearity!
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y Strength scan

S For high strength the instability is faster with non-linearity!
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y Strength scan

S For high strength the instability is faster with non-linearity!
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y Strength scan

S For high strength the instability is faster with non-linearity!
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Line with 1.61 osc.

P.U. signal
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Strength scan

For high strength the instability is faster with non-linearity!
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Strength scan

For high strength the instability is faster with non-linearity!
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y Strength scan

S Around realistic strength the behavior changes
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Around realistic strength the behavior changes
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Around realistic strength the behavior changes
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Strength scan

Around realistic strength the behavior changes
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Around realistic strength the behavior changes
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With non-linearities, the threshold in strength is higher
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